Introduction: Previous research has raised concerns that patients given nevirapine (NVP)-based regimens experience more virologic failure than patients given efavirenz (EFV)-based regimens. We investigated this hypothesis in a cohort of HIV-positive patients at a large HIV treatment clinic in South Africa. Methods: All antiretroviral therapy (ART)-naïve non-pregnant patients, ]18 years old, without tuberculosis, who initiated treatment with either NVP or EFV from April 2004 to August 2011 at the Themba Lethu Clinic in Johannesburg, South Africa, were included. Log-binomial regression and modified Poisson regression were used to estimate risk ratios (RR) with 95% confidence intervals (CI) for predictors of virologic failure, virologic suppression, and loss to follow-up (LTF), whereas a Cox proportional hazards model was used to estimate the risk of death, all within one year. Results: Of 12,840 included patients, 62.0% were female and the median baseline CD4 count was 98 cells/mm 3 (36Á169). Of these patients, 93.2% initiated an EFV-based regimen. After adjusting for baseline characteristics, no difference in death (adjusted Hazards Ratio (aHR): 0.92; 95% CI: 0.68Á1.25), LTF (adjusted Risk Ratio (aRR): 1.00; 95% CI: 0.79Á1.25), nor suppression (aRR: 0.98; 95% CI: 0.95Á1.00) at one year was found between regimens. Among patients with ]1 viral load ]4 months after ART initiation, 4% (n 0350) experienced virologic failure within 12 months of initiation. Patients initiating NVP-based regimens were 60% more likely to fail than patients initiating EFV-based regimens (aRR: 1.58; 95% CI: 1.13Á2.22). Conclusions: In this cohort, patients initiating NVP-based regimens experienced more virologic failure than patients initiating EFV-based regimens. Future guidelines should consider the implications of different efficacy profiles when making recommendations for which drugs to prioritize.
Introduction
The debate over which non-nucleoside reverse transcriptase inhibitor (NNRTI) should be prescribed in combination with antiretroviral therapy (ART) for the treatment of HIV infection has been growing recently. Under current guidelines released in June 2013, the World Health Organization (WHO) recommends efavirenz (EFV) with either lamivudine or emtricitabine and tenofovir for newly initiating adult patients [1] . Although updated in the 2013 guidelines, until recently in South Africa nevirapine (NVP) was recommended for pregnant women because of possible teratogenic effects of EFV, whereas EFV was recommended for patients co-infected with tuberculosis [2, 3] . The South African national treatment guidelines closely follow the recommendations of the WHO and caution the use of NVP for patients with higher CD4 counts because of the potential for severe adverse events [1Á4] . As NVP is the less expensive drug, until recently, many national treatment programmes in Sub-Saharan Africa were still recommending its use [5Á8] . While most countries are now recommending efavirenz over nevirapine, nevirapine is still commonly used. If outcomes on NVP-based regimens are inferior to that on EFV-based regimens, given the size of treatment programmes in Sub-Saharan Africa, this could lead to a substantial number of unnecessary treatment failures, regimen switches, and potentially, deaths.
Recent studies have indeed begun to fuel these concerns. A recent analysis combining cohorts from across the United States and Europe comparing NVP-to EFV-based regimens reported an increased risk of death and virologic failure among those taking NVP [9] . Likewise, a study from the United States also found an increased risk of virologic failure for NVP patients compared to EFV patients, and a recent review of all four WHO-recommended tenofovir regimens found an increased risk of virologic failure associated with a regimen of tenofovirÁlamivudineÁNVP compared to all others [10, 11] . A study from within the Southern African region using data prior to the large scale rollout of publicsector ART programmes also found an increased risk of virologic failure for patients prescribed NVP compared to EFV [12] .
Although these studies provide some evidence of increased risk of virologic failure associated with NVP, few studies have been conducted to determine if this hypothesis holds in the public sector of resource-limited settings after the rollout of ART. Furthermore, most of these studies are subject to confounding by indication, as patients given NVP may be prescribed this drug for reasons which would be correlated with different overall health status than those prescribed EFV (e.g. pregnancy or a desire to get pregnant). In a recent publication, we examined this hypothesis amongst patients initiating ART with tenofovir and lamivudine and found an increased risk of failure for patients prescribed NVP over EFV [13] . In order to further investigate this hypothesis, we conducted a larger cohort analysis to assess the association between the initiating NNRTI and death, loss to follow-up (LTF), virologic suppression and virologic failure, in a cohort of ART-naïve adult patients in Johannesburg, South Africa, initiating standard first-line ART. We further used multidimensional bias analysis to explore whether any associations found were likely explained by unmeasured confounding.
Methods

Study site
The study was conducted at the Themba Lethu Clinic in Johannesburg, South Africa. Themba Lethu has been providing outpatient HIV care and treatment since 2004 when it opened as a public-sector clinic with NGO support. Patients are currently treated under the 2013 South African National Treatment guidelines which call for ART initiation at a CD4 count 5350 cells/mm 3 or a WHO Stage III or IV condition [2]. Since Themba Lethu began initiating patients onto ART in 2004, more than 30,000 patients have received care and more than 12,000 patients are currently on treatment [14] . Under current guidelines, standard public-sector regimens for newly initiating patients in South Africa include tenofovir with either lamivudine or emtricitabine. Prior to the release of the 2010 guidelines, stavudine was the nucleoside reverse transcriptase inhibitor (NRTI) of choice in combination with ART in the public sector [15] . With the release of the 2013 guidelines, preference is given to EFV to complete standard triple-drug therapy, except in patients with psychiatric illness or shift workers [2] . During the period of this analysis, NVP was cautioned for women with CD4 counts 200/mm 3 and men with CD4 counts 400 cells/mm 3 [3] . All patient-level data, including information on demographics, medications, laboratory test results, clinical conditions, and other clinical details, are captured at the time of the patient encounter by a physician in an electronic medical record called TherapyEdge-HIV TM [14] . Routine laboratory tests (haemoglobin (Hb), alanine transaminase and creatinine) are conducted at the time of ART initiation. CD4 count is assessed at ART initiation and viral load is assessed four to six months post-ART initiation for treatment monitoring. Prior to 2010, CD4 and viral load were repeated every six months, but changes to the April 2010 guidelines called for these labs to be measured yearly thereafter. If a viral load result is 1000 copies/ml, a repeat viral load is conducted three months later.
For the first six months after initiating treatment patients are seen monthly. Once stable, patients are seen every two months for either a medical visit or for a medication pick up. Deaths are ascertained through passive follow-up and, for the 61% of patients who provide one, by linking national identification numbers with the National Vital Registration Infrastructure Initiative for patients who are LTF [16] . The linkage was last conducted in April 2013.
Study population
We included all ART-naïve, adult (]18 years old) patients who initiated ART between April 2004 and August 2011 at the Themba Lethu Clinic. We excluded patients who were either pregnant or co-infected with tuberculosis at the time of ART initiation as, during the period of this analysis, these patients should have received a specific regimen for cause. We additionally limited our analysis to patients who initiated onto a standard ART regimen under the guidelines. This meant lamivudine with a choice of tenofovir, zidovudine, or stavudine, and either NVP or EFV. Because of the recommendation that patients with high CD4 counts should not be prescribed NVP, we excluded women initiating NVP with a baseline CD4 count 200 cells/mm 3 , men initiating NVP with a baseline CD4 count 400 cells/mm 3 and any patient without a baseline CD4 count from the analysis.
Study variables
As the rollout of ART began in April of 2004, we defined the year of ART initiation in cohort years with each year starting in April and ending in March of the following year. Viral load and CD4 count results are uploaded directly into TherapyEdge-HIV TM from the South African National Health Laboratory Service (NHLS) on a daily basis. Baseline CD4 count was defined as the CD4 count taken closest to the date of ART initiation from six months prior to two weeks after the date of initiation, whereas the values for other baseline variables, namely body mass index (BMI) and Hb, were defined as the value closest to the data of ART initiation from 30 days prior to 7 days after ART initiation.
Baseline 12 g/dL for non-pregnant women and Hb ]13 g/dL for men), mild (Hb 11Á11.9 g/dL for non-pregnant women and 11Á12.9 g/dL for men), moderate (8Á10.9 g/dL) and severe (Hb B8 g/dL). WHO Stage was determined either by physician classification or, in the absence of a physician's classification, by conditions present at ART initiation. BMI was categorized using standard cut-offs: B18.5, 18.5Á24.9, 25Á29.9, and ]30.
Statistical analysis
Demographic and clinical characteristics at baseline are presented using proportions for categorical variables and medians with corresponding interquartile ranges (IQR) for continuous variables. Our outcomes of interest were virologic failure, virologic suppression, death and LTF, all within 12 months of ART initiation. Virologic failure was defined as two consecutive (between two weeks and six months apart) viral loads 1000 copies/ml at least four months after ART initiation whereas virologic suppression was defined as one viral load B400 copies/ml. LTF was defined as being ]3 months late for a scheduled visit with no subsequent visit.
For each outcome of interest, we present the proportion of the population experiencing the outcome. To determine predictors of virologic failure, virologic suppression, and LTF we used either log-binomial regression or modified Poisson regression with robust error estimation to estimate risk ratios (RR) and present them along with 95% confidence intervals (CI). We also present a KaplanÁMeier curve for the probability of death by drug regimen and hazard ratios for the risk of death from a Cox proportional hazards model. Age, sex, and baseline CD4 count were included in each adjusted model and other potential confounding variables that had a p B0.2 in univariate analyses were also included. All analyses were conducted using SAS version 9.3 (SAS Institute, Cary, North Carolina, USA).
Sensitivity analyses
In order to determine whether levels of virologic failure remained elevated for NVP patients using different definitions of failure, we conducted a sensitivity analysis. For this analysis, we defined virologic failure at one year as: 1) two consecutive (between two weeks and six months apart) viral loads 400 copies/ml at least four months after ART initiation, 2) a single viral load 1000 copies/ml at least four months after treatment initiation and 3) either two consecutive failing viral loads 1000 copies/ml (between two weeks and six months apart) or one viral load 1000 copies/ml with no further documentation of suppression.
We conducted a second sensitivity analysis to see if the association between NVP and virologic failure remained when allowing for failure ever on treatment. We used our original definition of failure and included all patients with ]1 viral load after four months on treatment.
Bias analysis
In order to show the effect of a potential unmeasured confounder on the association between the initiating NNRTI and virologic failure, we also present the results of a multidimensional bias analysis that adjusts the analysis for such an unmeasured confounder. Each cell represents a measure of association of choice of NNRTI on virologic failure adjusted for the unmeasured confounder using assumptions about the prevalence of the unmeasured confounder among those given NVP and those given EFV, the strength of the association between the unmeasured confounder and virologic failure and standard formulas for correcting the unmeasured confounder [18, 19] . The analysis was carried out using freely available software (https://sites.google.com/site/biasanalysis/).
Ethical approval
This analysis was approved by the Human Research Ethics Committee (Medical) of the University of the Witwatersrand and analysis of anonymized data was approved by the Institutional Review Board of Boston University.
Results
Demographic and clinical characteristics
Between April 2004 and August 2011, 15,850 adult patients initiated one of the regimens of interest at the Themba Lethu Clinic in Johannesburg, South Africa. We excluded 161 pregnant women, 2286 patients co-infected with tuberculosis, 111 patients initiated on NVP with high CD4 counts and 452 patients without a baseline CD4 count, leaving 12,840 patients in the final cohort for analysis.
Of the 12,840 who were included, 878 (6.8%) initiated a NVP-based regimen while 11,962 (93.2%) initiated an EFVbased regimen. Among the 878 who initiated a NVP-based regimen, most also initiated stavudine (82.9%) while the remainder initiated tenofovir (14.4%) and zidovudine (2.7%). Of those 11,962 patients who initiated an EFV-based regimen, a similar pattern was observed (77.2, 20.4, and 2.5% initiated stavudine, tenofovir, and zidovudine, respectively).
Among included patients, 62.0% were female, the median IQR age at ART initiation was 36.9 years (31.6Á43.5) and the median IQR baseline CD4 count was 98 cells/mm 3 (36Á169). Although median CD4 counts at ART initiation were nearly identical across regimens (NVP: 100.5 cells/mm 3 ; EFV: 98 cells/ mm 3 ), patients initiating EFV-based regimens were slightly older (median: 37.2 vs. 33.0), were more likely to be WHO stage III or IV (46.1% vs. 37.8%) and were somewhat more likely to have moderate or severe anaemia (48.3% vs. 43.3%) than patients who initiated a NVP-based regimen (Table 1) .
Death and LTF
Of the 12,840 patients included in the analysis, 1061 patients died (8.3%) within the first 12 months on ART, with EFV patients slightly more likely to die than NVP patients (8.4 vs. 6.3%) (Figure 1 ). Patients died in a median IQR of 2.6 (1.0Á5.8) months on treatment. When adjusted for baseline characteristics including sex, age and CD4 count, we did not identify any difference in death according to regimen (adjusted Hazards Ratio (aHR) NVP versus EFV: 0.92; 95% CI: 0.68Á1.25) ( Table 2) .
As a patient cannot be considered LTF before three months on treatment, patients with less than three months of follow-up were excluded from the analysis of loss, leaving 12,059 patients in the cohort. LTF was similar across treatment regimens (11.5% vs. 10.4% for EFV and NVP patients, respectively) and no difference in LTF was found after adjusting for baseline characteristics (adjusted Risk Ratio (aRR): 1.00; 95% CI: 0.79Á1.25) ( Table 2) .
Virologic suppression
Between one month and one year after ART initiation, 9960 (77.6%) patients had at least one viral load conducted. Among these patients, viral suppression was common (n0 9212; 92.5%) with little variation between regimens both before (RR NVP vs. EFV: 0.97; 95% CI: 0.95Á1.00) and after adjusting for baseline characteristics (aRR NVP vs. EFV: 0.98; 95% CI: 0.95Á1.00) ( Table 3) .
Virologic failure
Virologic failure occurred infrequently in the first year on treatment. Among the 8854 patients with at least one viral load between 4 and 12 months on treatment, only 4.0% (n0350) experienced virologic failure and 90.6% of those patients failed while on their initiating regimen. However, a higher proportion of patients prescribed NVP experienced failure in the first year on ART compared to patients initiated on an EFV-based regimen (6.7% vs. 3.7%). In an unadjusted analysis, NVP patients were approximately 80% more likely to experience failure compared to EFV patients (RR: 1.79; 95% CI: 1.31Á2.44). After adjusting for year of ART initiation, sex, age, baseline CD4 count, baseline anaemia and NRTI, a strong association remained and NVP patients were almost 60% more likely to fail than EFV patients (aRR: 1.58; 95% CI: 1.13Á2.22) ( Table 3) .
In order to determine whether or not there was a difference in the association between NNRTI and virologic failure by sex, given possible exposure to single-dose NVP as part of prevention of mother-to-child transmission (PMTCT) programmes, we conducted an analysis stratified by sex. In an unadjusted model, male patients prescribed NVP were 32% more likely to fail compared to EFV patients (RR: 1.32; 95% CI: 0.74Á2.34) whereas female patients prescribed NVP were more than twice as likely to fail as EFV patients (RR: 2.10; 95% CI: 1.45Á3.03). However, when adjusted for year of ART initiation, age, baseline CD4 count, baseline anaemia level and NRTI, the difference between sexes was reduced. The RR of failure comparing NVP to EFV for males was 1.40 (95% CI: 0.77Á2.55), whereas for women it was 1.64 (95% CI: 1.08Á2.49).
Sensitivity analyses
For the first sensitivity analysis, using the first definition of virologic failure requiring two failing viral loads 400 copies/ml, NVP patients were more than 50% more likely to fail (RR: 1.53; 95% CI: 1.15Á2.04) compared to EFV patients, with a similar risk after adjusting for year of ART initiation, age, sex, baseline CD4 count, BMI and NRTI (aRR: 1.52; 95% CI: 1.11Á2.08). With the second definition requiring just one single failing viral load 1000 copies/ml, NVP patients were still more likely to fail than EFV patients in both unadjusted (RR: 1.31; 95% CI: 1.12Á1.54) and adjusted models (aRR: 1.39; 95% CI: 1.20Á1.63). Requiring that the single failing viral load be conducted while still on the initiating regimen resulted in an adjusted RR of 1.27 (95% CI: 1.07Á1.52) and requiring that there also be no evidence of further suppression on the original regimen resulted in an adjusted RR of 1.63 (95% CI: 1.27Á2.09). Including only patients with at least six months of follow-up (n010,851) and re-classifying patients with missing viral loads as virologic failure (n 0 2023; 18.6%) resulted in an adjusted RR of 1.09 (95% CI: 0.98Á1.22). Using the final definition of either two failing viral loads or one failing viral load with no further evidence of suppression resulted in an adjusted RR of 1.59 (95% CI: 1.25Á2.02).
A total of 9815 patients (9108 [92.8%] on EFV and 707 on NVP [7.2%]) had at least one viral load ever on treatment (but at least four months after initiation) and were included in the second sensitivity analysis. In this group, 18.5% of NVP patients and 11.6% of EFV patients failed (two consecutive failing viral loads 1000 copies/ml) ever on treatment resulting in an unadjusted RR of 1.60 (95% CI: 1.36Á1.89). After adjustment for baseline characteristics, NVP patients were still almost 40% more likely to fail ever on treatment than EFV patients (aRR: 1.38; 95% CI: 1.15, 1.65). 
Bias analysis
Most patients in our database were prescribed an EFV-based regimen, as would be expected given the treatment guidelines.
The most likely reason for being prescribed NVP is pregnancy or a desire to get pregnant, conditions that are not likely to be associated with greater illness severity or treatment failure. However, given NVP may be prescribed for a particular cause, it is possible confounding by indication explains some or all of the increased failure associated with NVP. For example, while we excluded patients with tuberculosis or women who were pregnant, it is possible our database was not complete and we did in fact include some of these patients in our analysis. In addition EFV is not recommended for patients with a history of mental illness; [4] however, history of mental illness is not recorded in our database. To account for such possible unmeasured confounding, we conducted a multidimensional bias analysis (see Appendix) for the potential effect of an unmeasured confounder on the association between NNRTI and virologic failure. We found that in order for the true association between the initiating NNRTI and virologic failure to be null, the prevalence of the potential confounder would have to be very high among NVP patients and very low among EFV patients and have a strong association with virologic failure. For example, if 70% of NVP patients but only 13% of EFV patients had the unmeasured confounder and if the RR for the effect of the confounder on virologic failure was 2.69, adjustment for the confounder would result in no association between NVP use and virologic failure. As a confounder with such prevalence distributions between NVP and EFV that is also uncorrelated with any other variables we adjusted for is unlikely, while we may be overestimating the effect of NVP on virologic failure due to unmeasured confounding, it is unlikely that the true association is null.
Discussion
In this cohort of ART-naïve adult patients, patients prescribed a NVP-based regimen were much more likely to experience virologic failure within the first 12 months on treatment compared to patients initiated onto an EFV-based regimen, even after adjustment for age, sex, baseline anaemia and baseline CD4 count. This relationship was found despite the fact that we attempted to exclude patients who would be prescribed a regimen for reasons related to treatment failure (i.e. those with tuberculosis and those pregnant at ART initiation).
Although studies have found conflicting results, [20, 21] our findings corroborate the evidence presented in several studies that patients initiated on NVP are at higher risk for virologic failure than patients initiated on EFV. In both the Italian Cohort Naïve Antiretrovirals study and an observational cohort analysis of more than 10,000 people, NVP patients were also twice as likely to fail compared to EFV patients [22, 23] . In their recent publication, the HIV Causal Collaboration determined that in their cohort of American and European patients, after adjusting for baseline characteristics, NVP patients were more than 50% more likely to fail than EFV patients (RR: 1.53; 95% CI: 1.40, 1.69) [9] . A similar result was found by Nachega et al. in their study of Southern African adults (HR: 1.52; 95% CI: 1.34, 2.02) [12] . A study from the United States published by van den Berg-Wolf et al. also found increased risk of failure on NVP (using a failure cut-off of 1000 copies/ml); however, the effect was less pronounced (aHR EFV vs. NVP: 0.80; 95% CI: 0.58, 1.10) [10] .
Our study has several strengths. First, by removing pregnant women and patients co-infected with tuberculosis, we were able to reduce confounding by indication in this cohort. Second, as laboratory results are uploaded directly from the NHLS, we are able to reduce data entry errors and omissions. Third, as we link patients with South African national identification numbers to the National Vital Registration System, we are able to improve ascertainment of deaths in addition to ongoing passive surveillance.
This study, however, should also be viewed in light of several limitations. As we do not collect information on adherence, we were unable to control for its effect on virologic outcomes. Further, as PMTCT services are not provided at Themba Lethu, data on prior exposure to single-dose NVP or other PMTCT regimens is limited and we were unable to control for the effects of those exposures. The OCTANE study did find an increased risk of virologic failure for women previously exposed to single-dose NVP who were prescribed a NVP-based regimen compared to a ritonavir-boosted lopinavir-based regimen [24] . However, as we also found an effect in men in our stratified analysis, we believe the impact of PMTCT regimens is minimal in this cohort. In addition, as only 61% of patients provided a valid national identification number, [16] while linking with the National Vital Registration System does improve ascertainment of deaths, we may still be underestimating mortality in this cohort. Finally, as NVP is less often prescribed in this cohort than EFV, the sample size for NVP-based regimens was small and readers should use caution when interpreting the results.
Conclusions
This analysis provides additional support to evidence provided in other studies that patients prescribed NVP-based regimens experience more virologic failure than patients prescribed EFV-based regimens. However, additional studies with longer follow-up are needed to determine if this increased risk of failure is common across all NVP-based regimens or if it is confined to specific nucleoside reverse transcriptase inhibitor backbones.
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Appendix. JacanaResults from the bias analysis to control for the effect of a potential unmeasured confounder on the association between initiating NNRTI and virologic failure among ART-naïve, adult patients who initiated a nevirapine-or efavirenz- 
